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Presentation Topics

• Monitoring
– NWISWeb

– Groundwater Watch

– Groundwater Quality Trends Mapper

– National GW Monitoring Network

• Modeling
– New tools for advective flow simulation, archival, 

and online viewing 

– New tool for solute transport



USGS Water Data for the Nation

National Water Information System Web 
(NWISWeb)



NWISWeb Mapper

850,000 Wells;  Measurements 1 to many.

http://maps.waterdata.usgs.gov/mapper/index.html



NWISWeb Mapper - Montgomery



Individual Sites



NWISWeb Water Quality Data



NWISWeb Groundwater Level Data



Online Groundwater Data
Value-Added Products



USGS Groundwater Levels

• Groundwater 
levels and Springs           
(no quality)

• “Active” = at least 
1 measurement in 
last 13 months

• Real time, 
continuous, and 
periodic 
measurements

• Organized by 
Network type, 
State, and County



“Site” Webpage



Water-Level Statistics, by Well



USGS Groundwater Quality
• 1,511 wells (monitoring wells, domestic wells, PWS wells) with decadal sampling

• Comparing 1998-2001 to 2002-2012.

/nawqatrends.wim.usgs.gov/Decadal/



Decadal Nitrate Trends



Decadal TCE Trends



Decadal TCE Trends



GW Network Funding Opportunity



Subcommittee on Ground Water
and the NGWMN

• The Subcommittee on Ground Water (SOGW) is part of the Advisory 
Committee on Water Information (ACWI)

• The purpose of the Subcommittee is to develop a National Ground-
Water Monitoring Network (“NGWMN”)

• The Subcommittee developed the ‘Framework Document’ which 
contains the network design and requirements

• Approach was tested in 5 pilots and the ‘Framework Document’ was 
revised based on findings



NGWMN Framework Document

• Design for a collaborative National GW 
Monitoring Network

• Worked with NGWA to inventory Federal 
and State monitoring programs

• Guidance for Field Methods

• Guidance for Minimum Data Elements, 
Standards, & Management

• Implementation Plan and 
Recommendations

• Initial version in 2009. Revised in 2013 
after pilot phase completed

• Factsheet available



• Principal and major aquifers

• GW levels and quality, focus on availability

• Priority on sites with long-term data

• Network, not a Warehouse or Master Database  

• Willing data providers:  State, Federal, Tribes, others

• Sites classified by local experts/data providers, and selected
sites become part of the Network

• Data available to all without restriction or cost 

• Data provider is the authoritative data source 

NGWMN Design Elements



Network Design: Subnetworks  

Subnetwork for 
Background Conditions

Surveillance 
Points (Synoptic 

wells)

Baseline Period
(5 years of Data)

Subnetwork for Suspected 
or Anticipated Changes

Subnetwork for Known 
Changes

Trend Points 
(Backbone 

wells)

Surveillance 
Points (Synoptic 

wells)

Surveillance 
Points (Synoptic 

wells)

Trend Points 
(Backbone 

wells)

Trend Points 
(Backbone 

wells)

“Classified” based on water level or water quality change 
and on frequency of data collection

Special Studies



NGWMN Data Portal

http://cida.usgs.gov/ngwmn/



Network Portal Data Model



http://cida.usgs.gov/ngwmn/

National Ground Water Monitoring Network Portal 

http://cida.usgs.gov/ngwmn/


Cooperative funding agreements to 
support NGWMN data providers 
(CFDA 15.980)

• Authority under SECURE Water Act of 2009

• Funding opportunity available to State or Local groundwater 
resource agencies 
– Federal agencies, Tribes, Institutions, and Companies may contribute 

data, but are not eligible for funding

• Round 1 funding closed in January 2016 (14 state agencies)

• Round 2 funding application period open Mar31-May31, 2016

• Round 3 funding will be in federal FY2017

• Requires cost sharing in the form of in-kind services



Round 2 Proposals:  Eligible Activities 
1. Support persistent data service from existing data 

providers (maintain flow of data)

2. Support to become a new data provider (well selection; 
set up web services)

3. Filling gaps in information at NGWMN sites

4. Well Maintenance

5. Well Drilling

In-kind services match
No match requirement for IT services

Work done by an agency to collect data at NGWMN sites can be 
used as the agency match for in-kind services

Funding up to $110K for 2-year award.



Linking Monitoring and Modeling

(Reilly and others, 2008)



 MODFLOW Family

Core Version

Legacy Versions

MODFLOW-88

MODFLOW-96

MODFLOW-2000

MODFLOW-2005

MODFLOW 6

MODFLOW Variants

MODFLOW-NWT

MODFLOW-LGR

MODFLOW-USG

GSFLOW

SEAWAT

MODFLOW-GWM

MODFLOW-CFP

MODFLOW-OWHM

Related Programs

MODPATH

MT3DMS

MODFLOW-GWT

ZONEBUDGET

Pre/Post Processors

MFI

ModelViewer

ModelMuse

Groundwater Vistas

Visual MODFLOW

MODFLOW-GMS

Gridgen

FloPy

MFLAB

Parameter
Estimation /
Uncertainty

PEST

PEST++

UCODE

Status 2016:  MODFLOW Family



GSFLOW—Simulation Of All 

Major Hydrologic Processes

GSFLOW integrates 

MODFLOW-NWT 

and 

PRMS

(Markstrom and others, 2008)



MODFLOW-NWT

-- MODFLOW originally developed for groundwater 

flow problems with standard boundary conditions 

to solve linear (confined) to weakly non-linear 

problems. 

-- 3D unconfined applications and many new 

packages can create additional nonlinearities. 

-- MODFLOW-NWT developed to provide a  

more robust nonlinear solution approach –

addresses “wet-dry” nonlinearity

(Niswonger and others, 2011)



MODFLOW-USG
 Increase flexibility in grid design

 Add resolution where needed

 Handle pinched layers and fault offsets

 Efficiently solve tightly coupled hydrologic processes

 Retain MODFLOW concepts and finite-difference 
approach

(Panday and others, 2015)



Coming Soon:   MODFLOW6  
 GW issues becoming more complex

 Proliferation of new versions and packages

 Increase in package complexity

 Loss of package independence

 Incompatibilities

 Difficult to add other process models to MODFLOW; 
same grid required for all packages and processes

1984 1988 1996 2000 2005 6th Version



MODFLOW6 Overview

 Combined 
capabilities from:

 MODFLOW-2005

 MODFLOW-NWT

 MODFLOW-USG

 MODFLOW-LGR

 Internal flow
 Flow package

 Storage package

 Boundary packages
 CHD, WEL, DRN, GHB, RIV, RCH, 

EVT

 Advanced packages
 Multi-Aquifer Well (MNW1, 

MNW2)

 Stream-Flow Routing (STR, SFR1, 
SFR2)

 Lake Package (LAK)

 Unsaturated Zone Flow (UZF)

 Water Mover (MVR)



Simulation 

Sparse Matrix 
Solution 1 

Groundwater 
Flow Model 

Spatial 
Discretization 

Temporal 
Discretization Initial 

Conditions 

Node 
Property Flow 

Storage 

Output 
Control 

Rivers 

Wells 

Groundwater 
Transport Model 

Spatial 
Discretization 

Initial 
Conditions 

Advection 

Dispersion 

Output 
Control 

Sparse Matrix 
Solution 2 

GWF-GWT 
Exchange 

An Exchange is required 

when models depend on 

one another.  For flow and 

transport, the GWF-GWT 

Exchange passes flows to 

the transport model.   



Parent and Child GWF 

models are solved 

together by SMS 1.

Simulation 

Sparse Matrix 
Solution 1 

Groundwater 
Flow Model 1 

Spatial 
Discretization 

Temporal 
Discretization Initial 

Conditions 

Node 
Property Flow 

Recharge 

Output 
Control 

Rivers 

Groundwater 
Flow Model 2 

Spatial 
Discretization 

Initial 
Conditions 

Node 
Property Flow 

Recharge 

Output 
Control 

Rivers 

GWF-GWF 
Exchange 



New Product:
Model Archive/”Data Release”



Coming Soon:  

Online Viewing of Models



• Updated version of 
MT3D with support 
for 
– MODFLOW-NWT

– Unsaturated Zone Flow 
(UZF) Package

– Stream-Flow Routing 
(SFR) Package

– Lake (LAK) Package

– Contaminant Treatment 
System (CTS) Package

• Report is in press

Coming Soon:
Flow and Transport: MT3D-USGS

(Bedekar and others, in press) 



New Capability:
Contaminant Treatment System (CTS) Package

(Bedekar and others, in press) 

• Simulates pump 
and treat 
remediation



(Bedekar and others, in press) 

New Capability:
Unsaturated Zone Transport (UZT)

-- Regional 
aquifer example

-- Mass routed 
through dry 
cells.

-- UZ transport 
only to first 
saturated cell.

-- But mass 
moved through 
UZ below 
confining unit



New Capability:
Streamflow Transport (SFT); Lake Transport (LKT)

(Bedekar and others, in press) 

• 1D transport in stream

• Instantaneous mixing in 
lake 



Code availability:  
http://water.usgs.gov/ogw/modflow/

Contact:

Bill Cunningham

U.S. Geological Survey

Office of Groundwater

411 National Center

Reston, VA  20192

703-648-5005

wcunning@usgs.gov


